The homeless population in the United States is aging. Aging-associated comorbidities are associated with increased symptoms. OBJECTIVE: To describe the prevalence of symptoms among older homeless-experienced adults, analyze factors associated with moderate-high physical symptom burden, and identify symptom clusters. DESIGN: Cross-sectional analysis within longitudinal cohort study. PARTICIPANTS: Using population-based sampling from shelters, meal programs, encampments, and a recycling center in Oakland, CA, we recruited homeless adults aged ≥ 50 for a longitudinal cohort. This study includes participants who participated in the 18-month follow-up visit.
INTRODUCTION
Approximately half of the homeless population is aged 50 or older. 1 Homeless adults in their 50s and 60s have a similar prevalence of geriatric conditions, including functional and cognitive impairment, as adults in their 70s and 80s in the general population. 2, 3 The majority of homeless adults over 50 have two or more chronic health conditions. 4 Thus, homeless adults can be considered Bolder^at age 50. 5 Symptoms, the self-reported negative perceptions that individuals experience in relation to disease, are prevalent and a common reason for seeking care. 6 There are four dimensions of symptoms: physical, psychological, social (e.g., loneliness), and existential (those relating to the meaning, purpose, or value of life, e.g., regret and dignity). 7 The Theory of Symptom Management (TSM) suggests that contextual factors, such as an individual's socioeconomic status, environmental factors, and personal-and health-related factors, affect the experience of symptoms. 8, 9 In the general population, increased age, being a woman, and living in poverty are associated with increased symptom burden. 5, 10 Symptoms have been associated with adverse social and health outcomes including lower quality of life, functional decline, and increased risk of hospitalization or death. 11, 12, [13] [14] [15] The literature on health and homelessness focuses on healthcare utilization and health-related behaviors. There is limited literature on health status focusing on chronic diseases and, more recently, geriatric conditions. [2] [3] [4] Health-related quality of life, to which symptoms are an important contributor, remains understudied. While there are promising advances in treating symptoms in older adults, these have not been translated to settings in which people experiencing homelessness receive care. With the aging of the homeless population, there is a heightened need to understand and address symptomatology.
To inform interventions among homeless adults, we describe the prevalence and severity of symptoms in a sample of older adults who currently or recently experienced homelessness. We analyze whether there are associations between sociodemographic characteristics, life conditions, health conditions, health-related behaviors, and other symptom domains, and moderate to severe physical symptoms. Our approach facilitates the identification of modifiable factors for interventions targeted at reducing physical symptom burden. Using cluster analysis, we analyze whether symptom type and severity cluster with one another.
METHODS

Design Overview
HOPE HOME (Health Outcomes of People Experiencing Homelessness in Older Middle Age) is a longitudinal study of older homeless adults. We recruited homeless adults aged 50 and older in Oakland, California. 2, [16] [17] [18] [19] We interviewed participants every 6 months at a community-based agency serving low-income older adults.
At the 18-month interview, we added an assessment of symptoms. If participants missed the 18-month interview, we administered the symptoms questionnaire at the next interview they attended (Fig. 1) . We include participants who completed the symptoms questionnaire in this analysis. We draw data on time-constant characteristics (race, gender) and those in the past (e.g., child abuse) from the baseline interview and timevarying characteristics and symptom assessments from the symptoms interview. The institutional review board of the University of California, San Francisco, approved the study.
Sample
From July 2013 to June 2014, we recruited 350 homeless adults aged 50 years and older from overnight homeless shelters (n = 5), low-cost meal programs (n = 5), a recycling center, and places where unsheltered homeless adults stayed. We constructed our sampling frame to approximate the source population and randomly selected potential participants at each recruitment site. 19 Individuals were eligible to participate in the cohort if, at the first interview, if they were aged 50 or older, English-speaking, and homeless as defined in the federal Homeless Emergency Assistance and Rapid Transition to Housing (HEARTH) Act and able to give informed consent 20, 21 . Trained study staff administered a structured enrollment interview and collected participants' contact information. To ensure follow-up, we asked participants to check in with study staff monthly. If participants missed two or more check-ins, study staff called their contacts and visited places where the participant frequented. We gave participants gift cards to a major retailer: $25 for the screening and enrollment interview, $5 for check-ins, and $15 for follow-up interviews.
Primary Dependent Variable: Physical Symptom Burden
To assess physical symptoms, we administered the validated Patient Health Questionnaire-15 (PHQ-15) at the 18-month interview, which asks about joint pain, fatigue, back pain, sleep trouble, nausea, diarrhea/constipation, shortness of breath, headache, dizziness, stomach pain, palpitations, chest pain, fainting, and sex pain. 22 We excluded menstrual pain because the sample was over age 50. Participants reported symptoms in the past month as follows: B0^(not bothered at all), B1^(bothered a little), or B2^(bothered a lot). We dichotomized symptom burden as 0-9 (minimal-low) and ≥10 (moderate-high). 23 
Selection of Covariates
The TSM model asserts that individuals experience symptoms differently based on personal, health-related, and environmental factors. We selected socioeconomic status, environmental factors, social support, health status, prior adverse experiences, health-related behaviors, and the presence of other symptoms as covariates. 8 
Psychological Symptoms
We examined six psychological symptoms. For depressive symptoms, we considered someone to have symptomatology if they scored ≥16 on the Center for Epidemiologic Studies Depression Scale (CES-D). 24, 25 For post-traumatic stress disorder (PTSD), we considered a score of ≥3 on the Primary Care PTSD (PC-PTSD) four-item screen 26, 27 as indicative of PTSD symptoms. For anxiety, hallucinations, trouble controlling violent behavior, and thoughts of suicide, we used individual questions from the Addiction Severity Index (ASI) 28 as used in the National Survey of Homeless Assistance Providers and Clients (NSHAPC). 29 Social and Existential Symptoms. Respondents completed the validated Three-Item Loneliness Scale. 30 Scores of 6-9 indicated loneliness or social symptomatology. 31 To assess existential symptoms, we measured regret, defined as negative emotions connected to thoughts about how past actions might have achieved better outcomes. 32 We administered a six-item regret scale. 32 In the absence of validated cutoff scores for the regret scale, 32 we used a cutoff of the top quartile of the sample to categorize high regret.
Housing Status
We assessed housing status at each interview to determine whether participants met HEARTH criteria for homelessness. Participants remained in the study regardless of housing status. We use the term Bhomeless-experienced,^as some participants may have regained housing, but all were homeless when enrolled 18 months earlier. We dichotomized housing status at the symptoms interview as homeless versus housed.
Sociodemographic Data and Recent Life Experiences
We calculated age at the time of symptoms interview from baseline date of birth. Participants reported demographic characteristics at baseline, including sex, race/ethnicity, and highest level of education, which we dichotomized to less than high school or high school/General Educational Development test equivalency (GED) or higher. We categorized participants who reported Bsomewhat,^Ba little,^or Bnot at all^on the question, BHow confident are you filling out medical forms by yourself?^as having inadequate health literacy. 33 Participants reported whether they experienced any episode of physical, verbal, or sexual abuse before age 18. 29 At the symptoms interview, participants reported any jail or prison time in the prior 6 months. As a measure of social support, we asked participants to report the number of close confidants they had, which we dichotomized to one or more versus none. 34 Participants reported whether they had experienced any episode of physical, verbal, or sexual abuse in the prior 6 months. 29 
Health-Related Behaviors
We assessed the following: (1) history of cigarette smoking using questions from the California Tobacco Survey (never, former, or current smoker), 35 (2) severity of alcohol use using the Alcohol Use Disorders Identification Test (AUDIT; adapted for a 6-month period, score of ≥8 indicated risky or hazardous use of alcohol), 36 (3) illicit substance use (opioids, methamphetamine, or cocaine) using the World Health Organization Alcohol, Smoking and Substance Involvement Screening Test (ASSIST; 6-month period; score of ≥4 for one or more substances indicated moderate risk substance use). 37 We assessed cannabis use separately using the same criteria (ASSIST ≥4).
Health and Functional Status
We asked participants whether a healthcare provider had ever told them that they had the following conditions: stroke or transient ischemic attack; coronary artery disease or myocardial infarction; congestive heart failure; chronic obstructive pulmonary disease (COPD), emphysema, chronic bronchitis, or asthma; diabetes; arthritis; cirrhosis or liver disease; kidney disease; cancer; or HIV/AIDS 38 (≥2 indicated multimorbidity).
Healthcare Access
Participants reported whether they had a regular (nonemergency department) place for care and whether, in the past 6 months, they had needed medical care but were unable to obtain it and/or needed prescriptions but were unable to afford them.
Statistical Analysis
We described symptom prevalence and participant characteristics using descriptive statistics. Our primary dependent variable is moderate-high physical symptom burden (PHQ-15 score ≥ 10). We assessed bivariate associations between participant characteristics (including psychological, social, and existential symptoms) and moderate-high physical symptoms using Pearson chi-square tests and t tests or the nonparametric Wilcoxon equality of medians test. We selected variables with a statistical significance of p ≥ 0.20 that we hypothesized may be causally related to physical symptom burden to test in a multivariate logistic model. We reduced the model using p < 0.05 as the retention criterion. We used multivariate logistic regression (SAS LOGISTIC procedure) to evaluate the association between selected participant characteristics and moderate-high physical symptom burden. We evaluated potential multicollinearity by comparing the bivariate, starting multivariate, and reduced multivariate model confidence intervals of each independent variable.
Cluster analysis enables us to categorize the experience of symptoms and to investigate the interrelations between environmental factors, as well as psychological, social and existential symptoms, and physical symptom burden. 12, 39, 40 We conducted a cluster analysis to classify participants using all four symptom dimensions. Cluster analysis finds existing patterns within data to generate groups by minimizing within-group and maximizing between-group variability. [41] [42] [43] [44] [45] We used the SAS DISTANCE procedure to create a matrix of the multidimensional distance, based on the dichotomous values of each of the 20 physical, psychological, social, and existential symptoms for each participant relative to every other participant. These symptoms included 13 physical symptoms, depression, PTSD, anxiety, hallucinations, violent impulses, loneliness, and regret. We excluded sexual pain and thoughts of suicide due to low prevalence, which caused clustering of individuals based on the presence of these symptoms alone.
We then used the CLUSTER procedure with Ward's linkage and the TREE procedure to produce a dendrogram representing the structure of the data. Ward's linkage can be sensitive to outliers. 45 To select an optimal number of clusters, we performed visual analysis of the data and confirmed that we could identify natural groupings by comparing the prevalence of the symptoms in the groupings. We conducted analyses using SAS software, version 9.4 (SAS Institute Inc., Cary, NC).
RESULTS
Sample Characteristics
We recruited 350 participants for the baseline sample. 19 By the 18-month interview, 12 had died and 18 had dropped out. We include the 283 (88.4%) participants who completed the symptoms questionnaire (Fig. 1) .
Most individuals in the sample were men and AfricanAmerican, with a median age of 59 years (range 51-82, IQR 55-63). Over half of individuals experienced childhood abuse, and almost half experienced recent abuse. Over a third used cannabis regularly. Approximately half of the sample suffered from two or more chronic conditions, among which arthritis and pulmonary diseases were most prevalent (Table 1) .
Symptom Prevalence
The median PHQ-15 score was 6.0 (IQR 3.0-11.0), and a third (33.9%) of the sample had moderate-high physical symptom burden (PHQ-15 score ≥ 10). Joint pain, fatigue, back pain, and sleep problems were the most prevalent and bothersome physical symptoms (Fig. 2) . Nearly half of participants reported depressive symptoms; over a third reported anxiety, and a fifth reported PTSD. Over half of the sample had any of the six psychological symptoms we measured. Over a third of participants met loneliness criteria, and over a quarter had regret scores of ≥19 (Table 1) .
Factors Associated with Moderate-High Physical Symptom Burden
In a multivariate analysis, we found that being a woman, experiencing childhood abuse, cannabis use, having two or more chronic conditions, and reporting anxiety, hallucinations, and loneliness were associated with moderate-high physical symptom burden ( Table 2) . Inadequate health literacy, experiencing abuse in the last 6 months, lacking access to medical care, lacking access to prescriptions, depression, and PTSD were associated with moderate-high symptom burden in bivariate, but not multivariate, analyses. Current housing status (homeless vs. housed) was not associated in bivariate models (Table 1 ). Our comparison of the bivariate and multivariate models' confidence intervals (CIs) for each independent variable did not indicate multicollinearity.
Cluster Analysis of Physical, Psychological, Social, and Existential Symptoms
We found four clusters of symptom experience: Bminimal symptoms^, Bmoderate symptoms^, Bhigh physical, high psychological^, and Bhigh physical, low psychological^ (Fig. 3) . The Bminimal symptoms^and Bmoderate symptoms^clusters differed from one another mainly on physical symptoms, as psychological (means: 
DISCUSSION
In a cohort study of older homeless-experienced adults, we found a high prevalence of symptomatology across multiple domains. We found that symptom domains clustered together: those with higher physical symptomatology had a high prevalence of other symptom domains. The factors associated with physical symptoms were similar to those in the general population (being a woman, having experienced childhood abuse, psychological symptoms [anxiety], and chronic medical conditions), and others that are less well described (loneliness, high-risk cannabis use, and hallucinations). [46] [47] [48] [49] . The four most prevalent physical symptoms are similar to those found in other populations studied: those related to pain and fatigue. 5, 50 We hypothesized that environmental factors may contribute to these experiences: homeless adults live in challenging environments where they have little privacy, are exposed to weather, noise, and safety risks, and lack appropriate bedding. These conditions interfere with sleep and can increase pain and fatigue; homeless individuals are twice as likely to report sleeping less than 4 h a night as those in the general population. 51 However, we did not find an independent association between current homelessness (vs. having regained housing) and high physical symptomatology, suggesting that environmental factors alone do not explain these findings. Rather, the high prevalence of symptoms is likely due to more complex contextual factors, including comorbid medical and psychological conditions.
The association between physical symptoms and anxiety mirrors that in the general population. There is an increasing recognition of the role of anxiety in the causal pathway for both pain and poor sleep quality. [52] [53] [54] Somatization is an established cause of physical symptoms secondary to mental illness, particularly anxiety. 55 Anxiety may present with physical symptoms such as palpitations, 56 but the experience may be bidirectional. Higher physical illness burden correlates with higher anxiety symptomatology due to health anxiety and stress related to illness. 57 In our analysis of symptom clusters, we did not find any groups with a high prevalence of psychological symptoms that did not also have a high prevalence of physical symptoms. Clinicians attempting to address physical symptoms in older homeless-experienced adults should assess for, and treat, anxiety. Our finding that hallucinations are independently associated with physical symptoms warrants further research. Hallucinations may serve as a marker for increased severity of mental health problems or for other conditions.
We found a prevalence of loneliness higher than the estimated prevalence among older adults in the general population. 58 Loneliness is a predictor of mortality and functional decline in older adults. 11 Our sample shared many known risk factors for loneliness including older age, low income, social isolation, and poorer physical and mental health. 59 Clinicians and policymakers concerned with improving outcomes in older adults with experiences of homelessness should address loneliness, because it is a source of distress and may increase the experience of other forms of symptomatology. Shelter and housing interventions could address loneliness by encouraging meaningful interactions that build a sense of community through specifically targeted group activities. While we found a bivariate association between unmet need for healthcare/prescriptions and higher physical symptom burden, the association did not persist in multivariate analysis. Symptoms may be less reflective of poor access to medical care and more reflective of the other contextual factors. For example, the association of physical symptoms with childhood abuse, even in a population with a high prevalence of these experiences, suggests the enduring effects of childhood abuse on overall well-being.
60
There are a number of promising interventions in the general population focused on symptom control which should be modified for use in this population. Among urban homebound chronically ill patients, a home-based primary and palliative care (HBPC) program led to significant symptom reduction. 61 The HBPC program included a multidisciplinary team of healthcare and community-based social service providers. This model can be adapted to existing healthcare delivery programs that provide medical services in places where currently and formerly homeless people live. Clinics that focus on homeless populations can adapt best practices from palliative care to provide clinic-based symptom management. These include integrated models of care which provide avenues for behavioral health integration and the use of adjuvant services (i.e., exercise and wellness classes, complementary treatments, and group activities), which could be adjusted to address the severe burden of symptomatology.
Our study has several limitations. As there is no goldstandard estimate of the number of people experiencing homelessness, it is not possible to recruit a representative sample. Instead, we used best practices to build a cohort that approximates the true population. [16] [17] [18] While all study participants were homeless at study entry, over half had exited homelessness at the time of their symptoms interview. As homelessness is a state characterized by frequent entrances and exits, our study provides a realistic description of the experience of homelessness. There was likely non-random loss to follow-up. The most ill participants may have died prior to the symptom survey, leading us to underestimate symptom burden. Those who dropped out or were lost to follow-up may have been more or less symptomatic. We cannot interpret causality. Finally, the regret scale did not have population norms; as we used the top quartile of responses to signify high regret, we cannot make statements about the relative prevalence.
Clinicians working with older homeless adults should screen for and address symptomatology, including physical, psychological, social, and existential symptoms, drawing lessons from those learned by palliative care clinicians. Existing models could be adapted for use in clinical settings of care for homeless-experienced populations. The high degree of distressing symptoms experienced by this population calls for patient-centered interventions that reduce suffering. 
